Background: Peripheral arterial disease (PAD) is a costly source of morbidity and mortality among older persons in the United States. Dietary intake plays a role in the development of atherosclerotic cardiovascular disease; however, few studies have examined the relation of food intake or dietary patterns with PAD. Objective: We examined the relation between habitual dietary intake at midlife and incident PAD over w20 y of follow-up. Design: Among 14,082 participants enrolled in the ARIC (Atherosclerosis Risk in Communities) Study initially free of PAD, dietary intake was assessed at baseline in 1987-1989 by using a modified Harvard food-frequency questionnaire. Food groups were created, and principal components analysis was used to develop "healthy" and "Western" dietary patterns; both were categorized into quintiles or quartiles. Incident PAD was determined by an ankle-brachial index ,0.9 assessed at 2 subsequent examinations and hospital discharge codes through 2012. Multivariate-adjusted Cox proportional hazards regression was used. Results: During a mean follow-up of 19.9 y, 1569 participants developed incident PAD. In models adjusted for demographic characteristics, behaviors, and food groups, the HRs (95% CIs) for incident PAD increased across quintiles of meat consumption [quintile 1: reference, quintile P-trend ,0.001]. Compared with those who drank no alcohol, those who had 1-6 drinks/wk had a lower risk of incident PAD [0.78 (0.68, 0.89)]. For coffee, $4 cups/d compared with none was inversely associated with incident PAD [quintile 5 compared with quintile 1: 0.84 (0.75, 1.00); P-trend = 0.014]. There was no association between other food groups or patterns and incident PAD. Conclusions: In this prospective cohort study, greater meat consumption was associated with a higher risk, and moderate alcohol consumption was associated with a lower risk of incident PAD. Whether these associations are causal remains to be seen. This trial was registered at clinicaltrials.gov as NCT00005131.
INTRODUCTION
In the United States, peripheral arterial disease (PAD) 5 , caused primarily by atherosclerosis, affects 8.5 million adults aged $40 y, with similar proportions of men and women (1, 2) . PAD is frequently underdiagnosed, yet its total costs in the United States exceed $21 billion/y (3) . Because PAD is associated with reduced functional capacity and quality of life, as well as increased risk of limb amputation and death (1) , additional information on the preventable causes of PAD is needed.
Although smoking (including intensity, total dose, and duration of smoking cessation), diabetes, hypertension, and dyslipidemia are important risk factors for PAD (1, 4) , the role of diet in the development of PAD is not well documented. Several dietary factors support a strong causal link with coronary artery disease, including the protective effect of the Mediterranean diet, a high-quality diet, a "prudent" diet, vegetables, and nuts and the harmful effect of the "Western" diet, trans-fatty acids, and high-glycemic index or load (5) . Crosssectional and case-control studies have suggested that PAD is inversely associated with several nutrients, including fiber from cereal (6) (7) (8) , vegetable oil (9) , vitamin A (8, 10) , vitamin C (8, (11) (12) (13) , vitamin D ( [14] [15] [16] , vitamin E (7-9, 13), and folate (8, 10, (17) (18) (19) , although the relation may not be causal. Recent research on dietary patterns and food groups has found that increased nut intake is cross-sectionally associated with lower PAD prevalence (20) , whereas higher meat consumption has been associated with a lower mean ankle-brachial index (ABI) (7) .
Few longitudinal studies have examined the relation between major food groups or a healthy-diet pattern with risk of developing incident PAD. No association of intake of fruit and vegetables with PAD in men has been found (21) , although alcohol intake has been inversely related (22) (23) (24) . Additionally, a randomized controlled trial found that those who followed a Mediterranean-diet pattern were less likely to develop PAD, suggesting a causal link (25) . A high-quality diet may reduce oxidative stress and endothelial dysfunction and improve erythrocyte deformability, blood viscosity, and oxygen perfusion, which may reduce the number of incident PAD cases (26) . Therefore, the objective of this study was to determine the long-term prospective association of food groups-including meat, dairy, whole and refined grains, fruit, vegetables, nuts, and beverages-and dietary patterns with risk of incident PAD in a biethnic community cohort.
METHODS
The ARIC (Atherosclerosis Risk in Communities) Study (NCT00005131) is a multicenter, community-based, prospective cohort study designed to investigate causes of atherosclerosis, its clinical outcomes, and variations in cardiovascular disease risk factors (27) . The study involves 4 communities: Forsyth County, North Carolina; Jackson, Mississippi; selected suburbs of Minneapolis, Minnesota; and Washington County, Maryland. Recruitment took place in 1987-1989, and the study cohort included 15,972 predominantly black and white men and women who were aged 45-64 y at baseline. Five visits have now taken place, in 1987-1989 (visit 1), 1990-1992 (visit 2), 1993-1995 (visit 3), 1996-1998 (visit 4), and 2011-2013 (visit 5). We excluded from the study participants with prevalent PAD as defined by ABI ,0.90 (n = 1125), those who were neither black nor white as well as blacks from the Minnesota and Maryland centers (n = 103), and those with implausible energy intake, which was defined as ,500 or .3500 kcal for women and ,700 or .4500 kcal for men (n = 392). The final analytic sample was 14,082. The Institutional Review Boards at all participating centers approved the study procedures, and all participants signed consent forms before enrollment.
Exposure
Dietary intake was assessed at visit 1 with the use of a modified 66-item Harvard food-frequency questionnaire (FFQ), including additional questions about fish intake (28) . For each food item, frequency of intake was queried according to 9 predefined categories, and standard portion sizes were assumed. We created food groups, including meat (hamburger, red meat, hot dogs, sausage, bacon, liver), fish and seafood (canned tuna fish, fish, shrimp, lobster, scallops), poultry (chicken, turkey), dairy (milk, yogurt, ice cream, cheese), fruits (apples, pears, bananas, oranges, fruit juice, peaches, apricots, plums, other fruits), vegetables (green beans, cabbage, broccoli, cauliflower, brussels sprouts, sweet potatoes, squash, carrots, corn, dark leafy vegetables, peas, lima beans, beans, lentils, tomatoes, potatoes), whole grains (whole grain bread, whole grain cold cereal), refined grains (refined bread, refined cold cereal, refined rice and pasta, biscuits, dessert, snacks), nuts, coffee, tea, alcohol, sugar-sweetened beverages (regular soda and fruit drinks), and diet soda. In addition, 29 food groups were used to derive 2 dietary patterns through principal components analysis. Both the food groups and the dietary patterns were categorized into quintiles or quartiles, depending on the distribution.
Outcome
Incident PAD was defined by a new ABI measure of ,0.90 at either visit 3 or 4, or a hospital discharge diagnosis of PAD, a leg amputation, or a leg revascularization procedure (leg endarterectomy, aorto-iliac-femoral bypass surgery, or leg bypass surgery) through 2012. An ABI was measured on the full sample at visit 1 but only on a random sample at visits 3 and 4 (32.3% and 49.6% of visit attendees, respectively) (29) . To measure ABI, trained staff used the Dinamap 1846 automated oscillometric device to measure ankle blood pressure at the posterior tibial artery in a randomly selected leg and brachial blood pressure in the right arm, with the participant in the supine position (30) . ABI was defined as the ratio of the ankle systolic blood pressure to the brachial blood pressure. Cohort participants were contacted annually by phone to identify all hospitalizations, coupled with surveillance of local hospitals for discharges for cardiovascular diagnoses. Hospitalized PAD was defined by the following International Classification of Diseases, 9th edition (ICD-9) codes: 00.55 (insertion of drug-eluting peripheral vessel stents), 38.18 (leg endarterectomy), 39.25 (aorto-iliac-femoral bypass), 39.29 (leg bypass surgery), 39.50 (angioplasty or atherectomy of other noncoronary vessels), 39 .90 (insertion of nondrug-eluting peripheral vessel stents), 84.11 (toe amputation), 84.12 (foot amputation), 84.15 (below-knee amputation), 84.17 (above-knee amputation), 440.21 (atherosclerosis of native arteries of the extremities with intermittent claudication), 440.22 (atherosclerosis of native arteries of the extremities with rest pain), 440.23 (atherosclerosis of native arteries of the extremities with ulceration), 440.24 (atherosclerosis of native arteries of the extremities with gangrene), 443.9 (peripheral arterial disease, unspecified), and 785.4 (gangrene) through 2012 (29) .
Confounding variables
Covariates were assessed at visit 1. Sociodemographic characteristics included self-reported age, race/ethnicity, sex, and field center. Height was measured to the nearest centimeter while standing. Behavioral factors included smoking [both status (i.e., current, former, or never) and pack-years] and physical activity as measured by the Baecke questionnaire sport index (31) .
Analysis
Descriptive statistics were calculated for demographics, clinical values, and dietary intake, stratified by sex. Cox proportional hazards models were used to model time to incident PAD events relative to baseline dietary intake. Person-time was calculated by using time from the baseline examination until a PAD event, loss to follow-up, death, or 31 December 2012. The proportional hazards assumption was checked by using interactions with time and tests of correlations of the residuals, and no major violations were detected. Tests for linear trend were conducted by modeling exposures as continuous. Interactions between diet and age, sex, and race/ethnicity on PAD were tested by using crossproduct terms and stratification, as appropriate. Principal components analysis was used to derive dietary patterns from 29 food groups by using the principal extraction method. Varimax rotation was used to remove correlation for greater interpretability. Based on the eigenvalues, interpretability, and previous ARIC diet articles (32, 33) , 2 factors were chosen: the Western diet pattern and the healthy diet pattern. SAS version 9.3 (SAS Institute) was used to analyze the data.
We explored a series of models. The first model controlled for age, race/ethnicity, sex, field center, education, height, and energy intake (continuous). Model 2 added physical activity (continuous), smoking status, and pack-years. For the models with food groups as the exposures, model 3 was added, which additionally controlled for meat, dairy, fruits and vegetables, whole grains, and refined grains as continuous variables.
RESULTS
The mean age at visit 1 was 54.1 y, and 55.0% of the sample was female. As shown in Table 1 , women at baseline on average were younger, engaged in less physical activity, consumed fewer calories, and consumed fewer servings of refined grains, meat, coffee, and regular soda than men. Relative to men, a greater percentage of women identified as black, having a high school education, and being never smokers.
We identified 1569 incident cases of PAD over a mean of 19.9 y of follow-up. The crude incidence rate was 5.6 cases/ 1000 person-years. PAD cases were similarly distributed in men (12.3%) and women (10.2%) and in blacks (12.4%) and whites (10.7%). A total of 37.8% of PAD cases were current smokers. Of these cases, incident PAD was identified by ICD-9 codes for 64.7%, whereas for 35.3% it was identified by ABI at visit 3 or 4. A list of ICD-9 codes used can be found in Supplemental  Table 1 . Table 2 shows HRs (95% CIs) of incident PAD for each food group. In fully adjusted models, we found few statistically significant associations between the food groups and risk of incident PAD. Compared with participants in the lowest quintile, the HRs for incident PAD increased across quintiles of meat consumption [quintile 5 compared with quintile 1: 1.66 (1.36, 2.03); P-trend , 0.001]. For alcohol, 1-6 drinks/wk (compared with 0 drinks) was associated with a lower risk of incident PAD [0.78 (0.68, 0.89)], but for $7 drinks/wk the magnitude of the association was much smaller and not statistically significant [0.89 (0.76, 1.04)]. For coffee, there was a small, statistically significant inverse association with incident PAD [quintile 5 compared with quintile 1: 0.84 (0.75, 1.00); P-trend = 0.014]. Sugar-sweetened beverages were associated with lower risk of PAD and diet soda with higher risk of PAD. However, when stratified by diabetes status at baseline (Supplemental Table 2 ), there was no relation between sugarsweetened beverages and PAD. For those with diabetes, those who drank more diet soda were at increased risk of incident PAD, but there was no association between diet soda and PAD among those without diabetes. Overall, there was no association between consumption of fish and seafood, poultry, dairy, fruits, vegetables, whole grains, refined grains, nuts, and other beverages with incident PAD. There was no effect modification by sex. Table 3 shows HRs (95% CIs) for meat subgroups and risk of incident PAD. Compared with participants in the lowest quintile, 3 Adjusted as for model 2 plus for dairy, fruits, vegetables, refined grains, and whole grains. 4 Adjusted as for model 3 plus for diabetes status, hypertension status, and HDL and LDL cholesterol. 5 Hamburger, meat sandwich, or red meat as main dish. 6 Hot dogs, sausages, or bacon. the HR for incident PAD in the highest quintile of red meat consumption was 1.26 (1.04, 1.51) and 1.31 (1.10, 1.55) for processed meat consumption. Results were similar with adjustment for additional confounders. Incidence rates for PAD by processed meat and red meat consumption can be found in Figure 1 . Incidence rates were lower at the lowest tertiles of consumption.
The rotated factor pattern from the principal components analysis can be found in Table 4 . There were no significant associations of either the Western diet pattern (factor 1) or the healthy diet pattern (factor 2) with incident PAD after demographic adjustments. (Table 5 ). However, with additional adjustment for physical activity, smoking status, and pack-years, there was a linear trend whereby higher consumption of the healthy dietary pattern was associated with increased risk of incident PAD.
To explore this counterintuitive association, we examined interaction by smoking status. There was not a significant interaction by smoking status (P-interaction = 0.16); however, when we stratified by smoking status we observed variation in the estimates. Specifically, comparing quintile 5 and quintile 1 of the healthy dietary pattern, the risk of incident PAD was higher in former smokers (1.48 (1.09, 2.02)] than in current smokers [1.18 (0.88, 1.59)] or in never smokers [0.97 (0.71, 1.33)].
Several sensitivity analyses were conducted to test the robustness of the results. When participants with ABI .1.4 were removed from the sample, no appreciable changes were detected. Additionally, no changes were detected when only those participants with PAD defined by ICD-9 codes were counted as cases.
DISCUSSION
The main finding from this prospective, community-based study was a moderately strong positive association between meat consumption and incident PAD. Additionally, low alcohol intake and coffee consumption were associated with a lower risk of incident PAD. These results provide some of the first prospective evidence of a relation between diet and incident PAD.
Our finding that greater meat consumption was associated with higher PAD risk is consistent with previous findings from a cross-sectional study in which greater meat consumption was associated with lower ABI (7) . Greater meat consumption has been linked to increased risk of other cardiovascular diseases (34, 35) , including stroke, but not coronary artery disease in the ARIC Study (36, 37) . Also, supporting our finding, red and processed meat have consistently been associated with other cardiovascular events and risk factors. Red and processed meat have also been positively associated with cardiovascular disease mortality (35) . Processed meat, but not red meat, has been positively associated with incident coronary artery disease and diabetes (38) .
There are several potential pathways by which meat consumption may influence PAD. The high levels of sodium and nitrate preservatives in processed meats may raise blood pressure, which may increase the risk of incident PAD (39) . Meta-analyses have shown consistent and positive associations between meat and another risk factor for PAD, type 2 diabetes, as was found in this study (data not shown) (40) . Additionally, intake of heme iron has been consistently associated with type 2 diabetes (34). In this study, 1-6 drinks/wk, but not $7 drinks, was associated with a lower risk of incident PAD. This is consistent with evidence from several other cohort studies, in which moderate alcohol consumption was associated with a lower risk of incident PAD (22) (23) (24) . Moderate alcohol has also been inversely associated with other cardiovascular diseases in many observational and experimental studies (41, 42) , although not always in the ARIC Study (43, 44) . Alcohol consumption may affect the lipid profile, especially by raising HDL cholesterol and improving insulin sensitivity, which may reduce the incidence of cardiovascular diseases, including PAD (45) (46) (47) . However, the inverse association between alcohol and PAD in this study may be due to residual confounding, because cardiovascular disease risk factors, such as diabetes, physical inactivity, obesity, and poor general health, are more common among nondrinkers than moderate drinkers (48) .
Additionally, coffee had a small, statistically significant inverse association with incident PAD. Previous research on coffee consumption and cardiovascular disease has also detected inverse associations, although some have also been U-shaped (49) . Coffee consumption has been associated with higher insulin sensitivity and lower risk of type 2 diabetes, a major risk factor for PAD (50) . However, those with prevalent disease related to PAD may have altered their coffee intake, confounding the association.
Although no association was found between dietary patterns and incident PAD in demographic-adjusted models, there was a linear trend for the association between the healthy-diet pattern and incident PAD once behaviors were added as confounders. However, this relation varied by smoking status, a major risk factor for PAD. When stratified, higher consumption of the healthy-diet pattern was associated with a greater risk of incident PAD among former smokers but not among current or never smokers. Participants who were former smokers may have changed their diet in response to another health issue, and thus these findings likely do not represent an etiologic association between a healthy-diet pattern and incident PAD.
In this study, intakes of dairy, whole and refined grains, fruit, vegetables, and nuts, among others, were not associated with incident PAD. Food groups have been examined in relation to PAD in few previous studies, although associations between dietary intake of nutrients and PAD have been studied more extensively (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . In a large sample of adults who completed vascular screening tests, nut consumption was inversely associated with prevalent PAD (20) . Fruit and vegetable consumption in a large cohort of male health professionals was not associated with incident PAD over 12 y of follow-up (21) . Dietary patterns have also been examined in relation to PAD with mixed results. A case-control study of people with diabetes (51) found an inverse association between the Mediterranean diet and PAD, but an inverse association was not statistically significant because of the low number of PAD cases in a large European cohort (52) . Importantly, the PREDIMED (Primary Prevention of Cardiovascular Disease with a Mediterranean Diet) randomized clinical trial (25) found that those randomly assigned to the Mediterranean diet had a significantly lower rate of incident PAD than those in the low-fat diet group.
This study has several limitations. Dietary intake was assessed by using a self-report, 66-item FFQ, so there is random and systematic measurement error in the exposure. This error likely biased results toward the null and made it more difficult to detect significant effects. However, the validated FFQ was administered by trained interviewers according to standardized procedures (28) , and some ARIC food groups or dietary patterns have been associated significantly with other cardiovascular disease risk factors and outcomes (32, 53, 54) . Because there were only 66 items in this instrument, energy intake is likely underestimated, so residual confounding may explain some of the meat-PAD relation. Additionally, dietary intake was measured in the late 1980s and may not be representative of contemporary dietary intake. For the outcome, ABI was measured only on a randomly selected subset of the ARIC Study population at visits 3 and 4, so some participants with asymptomatic PAD may have been missed. Additionally, ABI was measured only on one randomly selected leg, so some participants with unilateral PAD may have been misclassified (29) . Information on ABI is also available only during the first 9 y of the follow-up period, and thereafter incident cases were identified only through hospital surveillance. The use of administrative data, such as hospitalization data, to identify PAD cases is known to have high specificity but low sensitivity (55) . Thus, we likely underascertained PAD cases. A large number of statistical tests were performed in this study, so it is possible that the meat-PAD relation is due to chance, although associations were found between meat subgroups and PAD. Additionally, residual confounding may have remained despite our attempts at adjustment. This study also has several strengths, including its longitudinal design, enrollment of .14,000 black and white men and women, the large number of PAD cases, standardized method of data collection, comprehensive assessment of potential confounding factors, and 20 y of follow-up.
Overall, this study found that greater meat intake was associated with greater risk of incident PAD, whereas low alcohol intake and coffee consumption were associated with a lower risk of incident PAD. It is not clear whether these associations are causal. Public health strategies are needed to help Americans choose foods that promote cardiovascular health.
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